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Interleukin-33 promotes the inflammatory
reaction in chronic rhinosinusitis with nasal
polyps by NF-kB signaling pathway
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Abstract. — OBJECTIVE: Interleukin (IL)-33
promotes T helper (Th2) immune response and
may be involved in the pathogenesis of chronic
rhinosinusitis with nasal polyps (CRSwNP). Us-
ing murine and human specimens, we evaluated
the role of IL-33 in CRSwWNP.

MATERIALS AND METHODS: To establish
CRSwNP, Balb/c mice were sensitized with
house dust mite, followed up by intranasal ex-
posure to Staphylococcus aureus to stimu-
late the inflammatory response of nasal mu-
cosa. The hematoxylin-eosin staining and to-
tal serum IgE were used to the successful con-
struction of CRSWNP model. For mechanis-
tic studies, we blocked mice with IL-33 and the
Th2 cells counts in tissue were detected. Th2
cytokine expression of IL-4, IL-5, IL-13, IL-22,
CCL-11, and CCL-24 in control group, CRSwWNP
group and IL-33 blockade group at 12 weeks
after CRSWNP model establishment, were an-
alyzed by gRT-PCR. Meanwhile, the relative
mRNA and protein expression levels of NF-
kB, MyD88 and TLR7 were detected after IL-
33 blockade. To document the inflammatory
response in patients with CRSwNP, The rela-
tive mRNA expression of IL-4, IL-5, IL-13, IL-22,
CCL-11, and CCL-24 in control individuals and
patients with CRSWNP (chronic rhinosinusitis
with nasal polyps) were analyzed by qRT-PCR.

RESULTS: The CRSWNP model was success-
fully constructed. After IL-33 blocked, the rel-
ative expression of IL-33 and Th2 cells counts
were reduced significantly. CRSwNP mice
showed overproduction of IL-4, IL-5, IL-13, IL-22,
CCL-11, and CCL-24 and IL-33 blockade inhibit-
ed the expression of IL-4, IL-5, IL-13, IL-22, CCL-
11, and CCL-24. Furthermore, IL-33 blockade de-
creased the mRNA levels of NF-kB, MyD88 and
TLR7, and also restrained the protein expres-
sion of them. On the other hand, patients’ spec-
imens with CRSwWNP showed high levels of Th2
cytokines including IL-33, IL-4, IL-5, IL-13, IL-22,
CCL-11, and CCL-24.

CONCLUSIONS: CRSwWNP is associated with
overexpression of IL-33, with subsequent acti-
vation of Th2 immune response by NF-kB sig-
naling pathway.
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Introduction

Chronic rhinosinusitis with nasal polyps
(CRSwWNP) is an inflammatory disease of un-
known etiology characterized by eosinophilic
inflammation and overabundance of T-helper
(Th) 2 inflammatory cytokines'?. The disease
cannot currently be cured by surgical or antibiotic
treatments, which is burdensome and frustrating
to patients*®. The pathogenesis of this disease
is unclear. It has been suggested that microbi-
al triggers may overstimulate the inflammatory
response of Th2 cells in CRSwWNP, leading to
chronic disease manifestations™. On the other
hand, no direct association was found between
the occurrence and development of nasal polyps,
and specific pathogens or exogenous stimuli. It
can, therefore, be assumed that host immune re-
sponse is also a contributor to long-term inflam-
mation in CRSwNP.

Overexpression of Th2 cytokines, such as In-
terleukin (IL)-4, IL-5, IL-13 and IL-22, is be-
lieved to play an important role in eosinophilic
mucosal inflammation in CRSwNP*"°. This in-
volves cell stimulation via the Interleukin 1 Re-
ceptor-like 1 Protein, which belongs to the IL-1
receptor family, but binds IL-33".
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IL-33 is a protein with the molecular weight of
approximately 18 kD (270 amino acids). IL-33 is
synthesized as a 30 kD precursor protein and is
processed by caspase-1 to yield the mature pro-
tein of 18 kD'. Various tissues (digestive tract,
respiratory tract, skin, lymphoid tissues, spleen,
pancreas, kidney) are positive for IL-33 mRNA
expression. The IL-33 receptor Interleukin 1
Receptor-like 1 Protein is expressed at different
levels in different blood immune cells'.

Exogenous and endogenous stimuli (mechan-
ical injury, infection, smoking, products of epi-
thelial cell damage and necrosis) cause epithelial
cells to release 1L.-33, which leads to subsequent
inflammation®. Interestingly, biological effects
of IL-33 depend on its length. As mentioned
above, IL-33 is cleaved by caspase-1, which
is activated in apoptotic cells. Cleavage by
caspase-1 reduces the biological activity of IL-
33. In contrast, the full-length I1L-33 is inflam-
magenic'®". Therefore, cell apoptosis inactivates
IL-33 and prevents the development of the Type
2 immune response.

Animal models are very useful for studies of
gene and protein function'®. In this study, we
utilized a murine model to test the involvement
of IL-33 in the occurrence and development of
CRSwNP. These observations were further sup-
ported by studies of patients’ specimens.

Materials and Methods

Animals, Animal Groups, and
Downstream Assays

Animal experiments were approved by the
Animal Ethics and Experimental Committee of
The First Affiliated Hospital of Harbin Medical
University. Mice were purchased from the Center
of Experimental Animals, The Second Affiliated
Hospital of Harbin Medical University. Hundred
and twenty specific pathogen-free Balb/c mice
(female, 6 weeks old) were randomly assigned
to each of the following experimental groups
(10 animals per group): control group, CRSwWNP
group, and IL-33 blockade group. IL-33 blockade
group’s mice used IL-33 neutralizing antibodies
purchased from R&D Company (Minneapolis,
MN, USA). Mice were fed autoclaved and pel-
leted diet, and sterile water under the following
conditions: 23°C, humidity of 50%, 12 h light and
dark cycles, and quiet surroundings with minimal
disturbance. Mice in all groups were tested at 12
weeks of age.
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The model of nasal polyps was established as
follows. The model of nasal polyps was built with
a standardized house dust mite extract sensiti-
zation. The mice were subcutaneously injected
by 2000 U/ml aluminum hydroxide containing
2% house dust mite extract 100 UL in first days.
At 39, 5% 7" days mice were intraperitoneally
injected by 2000 U/ml aluminum hydroxide con-
taining 2% house dust mite extract 100 UL for 3
times. At 9, 11", 13" days, they were injected
by 4000 U/ml house dust mite extract 50 UL
for 3 times; at first and 8" days, intraperitoneal
injection of aluminum hydroxide containing 2%
house dust mite extract 100 UL (2000 U/ml) for 2
times. At 15", 16%, 17" days, mice were injected
with 0.3% pentobarbital anesthetized mice after
intraperitoneal injection of 0.3 ml, 4000 U/ml
house dust mite extract 50 ul/slow nasal drops,
1 time/d. The control group was the same as the
treatment group, but the drip and injection were
the same amount of 0.1 mol/L phosphate buffered
saline (PBS). Mice were sensitized with house
dust mite, which induced allergic rhinitis. Staphy-
lococcus aureus was used for inflammatory stim-
ulation of nasal mucosa of experimental mice.

Patients

The use of patients’ specimens was approved
by the Ethics Committee of the First Affiliated
Hospital of Harbin Medical University, Harbin,
China. Our study included 45 patients and con-
trol individuals enrolled in Harbin, China, be-
tween April 2016 and August 2016. Thirty-five
patients were diagnosed with CRSwNP, and 10
individuals with maxillary sinus cysts served as
controls. Clinical specimens of patients’ nasal
mucosa were used for downstream analysis.
Neither patients nor control individuals had a
history of allergic diseases or positive skin prick
test. None of study individuals received antibi-
otics or corticosteroids for 4 weeks prior to the
enrollment.

Reagents

Mouse polyclonal antibodies to IgE and p-ac-
tin, and horseradish peroxidase-conjugated
streptavidin (HRP-conjugated streptavidin) were
purchased from Zhongshan (Beijing, China).
Protease inhibitor cocktail, phenylmethylsulfonyl
fluoride and chemiluminescence kit were pur-
chased from Sigma-Aldrich Chemical (St. Louis,
MO, USA). The RNeasy Mini kit and the First
Strand cDNA Synthesis kit were purchased from
Sinopharm Chemical Reagent (Shanghai, China).
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Histological Staining

Surgically procured tissue specimens obtained
from the CRSwWNP group were formalin-fixed
and paraffin-embedded. Paraffin sections that
were 4-mm thick were stained with HE, Masson’s
trichrome according to the manufacturer’s in-
structions. All parameters were assessed using an
image analyzer (SP 500; Olympus, Tokyo, Japan).

Enzyme-linked Immunosorbent Assay
(ELISA)

Blood samples were drawn from the antecubi-
tal vein and collected into tubes containing hepa-
rin. After samples were centrifuged at 3000 rpm
for 10min at 4°C, the plasma was separated and
stored at -80°C until the assay was performed.
Plasma levels of IgE were measured using a com-
mercial enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems, Minneapolis, MN,
USA). As described previously', the procedures
were performed according to the instructions
from the manufacturer.

mRNA Isolation, cDNA Synthesis
and qPCR

Total RNA (murine and human specimens)
was extracted using the TRIzol reagent (Thermo
Fisher, Beijing, China) according to manufactur-
er’s protocols. The PrimeScript RT Master Mix
(TaKaRa, Dalian, Liaoning, China) was used
to reverse transcribe RNA into cDNA. Then,
gPCR were carried out using the ABI 7900 sys-
tem (Thermo Fisher, Beijing, China)) and SYBR
Green PCR Master Mix (TaKaRa, Dalian, Li-
aoning, China). The expression of Th2 mR-
NA cytokines (IL-33, IL-4, IL-5, IL-13, IL-22,
CCL-11, and CCL-24) in nasal polyp tissue was
compared with that in normal mucosa, follow-
ing normalization to B-actin mRNA expression
(reference gene). For quantification, we used the
2-*ACt method.

In addition, we quantified mRNA expres-
sion of two subunits of the NF-xB, MyD88 and
TLR7 in nasal mucosa tissue by semi quanti-
tative PCR. For this purpose, we obtained 50
mg of tissue, which was flash frozen in lig-
uid nitrogen, and pulverized into powder in 1
mL of TRIzol. cDNA was obtained using 1
ug of total RNA and RevertAid RT kit (Ther-
mo Fisher). This cDNA served as the template
for PCR. The following primers were used:
NF-kB, forward primer 5-ACCTGCAGTTC-
GATGCTGAT-3’ and reverse primer 5-CCT-
GTCACCAGGCGAGTTAT-3’; MyD88, forward

primer 5-CGACGCCTTCATCTGCTACT-3’
and reverse primer 5’-ATGAGCTCGCTGGC-
GATGGA-3’, TLR7, forward primer 5-TCTC-
CAGACTCCTTCCATAG-3’ and reverse primer
5’-GGAAGATCCTGTGGTATCTC-3’, IL-4, for-
ward primer 5-CTGACGGCACAGAGCTATT-
GA-3’, and reverse primer 5-TATGCGAAG-
CACCTTGGAAGC-3. IL-5, forward primer
5’-GAGCACAGTGGTGAAAGAGACCTT-3’,
and reverse primer 5-ATGACAGGTTTTG-
GAATAGCATTT-3". 1IL-13, forward primer
5>-GCCAGCCCACAGTTCTACAGC-3’, and re-
verse primer 5-GAGATGTTGCTCAGCTCCT-
CA-3’. IL-33, forward primer 5-ACAACA-
CAGACGTTCGTCTCATTG-3’, and reverse
primer  5-GAACAGCACTTCTTCAAGGGT-
GA-3’, 1L-33, forward primer 5’-CCCAAGCT-
TATGAGACCTAGAATGAAGTAT-3’, and re-
verse primer 5-GCTCTAGATTAGATTTTC-
GAGAGCTTAAAC-3". CCL-11, forward primer
5’-CATGAAGGTCTCCGCAGCACTTCT-3,
and reverse primer 5-CCAGATACTTCAT-
GGAATCCTGC-3. CCL-24, forward primer
5>-TCAGAAGTTTCTCTGTGTGGATTAC-3’,
and reverse primer 5-GCGTTCTTAGATG-
GAATTCTCAG-3’. beta-actin, forward primer
5’-CGAAGCACAGTCAAAGAGAGGTA-3’, and
reverse primer 5-GCTTCAGTCAAGAGAA-
CAGGATG-3’, PCR reaction was conducted as
follows: denaturation step at 94°C for 60 s, an-
nealing at 60°C for 45 s, primer extension are
72°C for 60 s. PCR was run for 40 cycles for
mRNAs of interest, and for 35 cycles for the ref-
erence gene. PCR products were electrophoresed
on a 1.5% agarose gel and visualized using ethid-
ium bromide.

Protein Extraction and Western Blot
Specimens were lysed in the lysis buffer (0.1%
SDS, 0.5% Triton X-100, 2% deoxycholic acid, 5
mM EDTA, 150 mM NaCl, 10 mM Tris-HCI; pH
7.2). Lysates were separated by sodium dodecyl
sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto nitrocellulose
membranes. The membranes were blocked and
incubated with primary antibodies at 4°C over-
night. The source of antibodies was rabbit IgG.
Produced in rabbits immunized with purified,
recombinant human IL-33, 1L-4, IL-5, IL-13, IL-
22, CCL-11, CCL-24, NF-xB, MyD88 and TLR7.
Total IgG was purified by Protein A affinity chro-
matography. The following primary antibodies
were: anti-IL-33, anti-IL-4, anti-IL-5, anti-1L-13,
anti-1IL-22, anti-CCL-11, anti-CCL-24, anti-NF-
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kB, anti-MyD88, anti-TLR7, anti-B-actin (all at a
1:1.000 dilution). This was followed by incubation
with the secondary antibody (1 h at room tem-
perature) and chemoluminescent detection.

Statistical Analysis

The GraphPad Prism 5 (GraphPad Software
Inc., La Jolla, CA, USA) was used for statistical
analysis and graphic data representation. The
one-way ANOVA as used for multiple compari-
sons, whereas independent ¢ or x? tests were used
to test the differences between two groups (re-
spectively, for nominal and categorical data). The
data are presented as mean = SEM.

Results

CRSwNP Model Establishment in Balb/c Mice

The tested mice showed signs of inflamma-
tion. This was obvious on hematoxylin eosin
(HE) staining, which showed nasal polyp tissue.
Randomly selected 5 high magnification fields
(x 400) demonstrated influx of inflammatory
cells, including eosinophils (Figure 1A-B). Mean-
while, the sIgE expression levels in control group,
CRSwNP group and IL-33 blockade group, were
analyzed by ELISA. The expression level of se-
rum total IgE in control mice was significantly
lower than that in CRSWNP mice and IL-33
blockade inhibited the serum total IgE expression
level compared with CRSwNP group (Figure 1C).
The result showed CRSWNP model was success-
fully constructed.

The Expression Levels of IL-13 After
CRSwWNP Model Establishment and
ThZ Cells in Tissue

To detect the effects of IL-33 blockade, the
mRNA and protein expression levels of IL-13 in

control group, CRSwWNP group and IL-33 block-
ade group at 12 weeks after CRSwWNP model es-
tablishment were analyzed and Th2 cells counts
were detected in all groups. After the CRSWNP
model was constructed at 12 weeks, the 1L-33
expression levels were significantly increased.
Expression of IL-33 mRNA and protein in control
group and IL-33 blockade group were significant-
ly lower than that in CRSwWNP group at 12 weeks
after CRSwWNP model establishment (Figure 2A-
C). Meanwhile, IL-33 blockade suppressed Th2
cells production (Figure 2D).

Cytokine mRNA Expression were
Inhibited by IL-33 Blockade

Next, we quantified mRNA levels of Th2 cyto-
kines. The mRNA expression levels of 1L-4, IL-
5, IL-13, 1L-22, CCL-11, and CCL-24 in control
group, CRSWNP group and IL-33 blockade group
at 12 weeks after CRSwWNP model establish-
ment were analyzed by qRT-PCR. CRSwNP mice
showed upregulated levels of IL-4, IL-5, IL-13,
IL-22, CCL-11, and CCL-24 after the CRSWNP
model constructed at 12 weeks and 1L-33 block-
ade reverted this trend (Figure 3A-F).

The effects of IL-33 Blockade on the
MRNA and Protein Expression of
NF-xB, MyD88 and TLR7

We wanted to test whether the expression of
the pro-inflammatory transcription factor in-
flammation-related factors was modulated in
CRSwNP mice. The RT-PCR assay was used to
analyze the mRNA levels of NF-kB, MyD88 and
TLR7 in all groups. Our results demonstrated
that the mRNA levels of NF-xB, MyD88 and
TLR7 in CRSwNP group were significantly
higher than those in control group (Figure 4A).
However, after IL-33 blockade, the mRNA levels
of NF-kB, MyD88 and TLR7 in IL-33 blockade
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Figure 1. Histopathological sections of CRSWNP model establishment in Balb/c mice and sIgE expression levels. (A)
Histopathological sections of tissues from CRSWNP model (x 100). /B) Histopathological sections of tissues from CRSwNP
model (X 400). (C] The sIgE expression levels in control group, CRSWNP group and IL-33 blockade group were analyzed by
Elisa. Data represent means + SD, *p < 0.05 compared with CRSwNP group.
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Figure 2. The expression levels of IL-13 after CRSWNP model establishment and Th2 cells in tissue. {A) The mRNA expression
levels of IL-13 in control group, CRSWNP group and IL-33 blockade group at 12 weeks after CRSWNP model establishment were
analyzed by qRT-PCR. (BJ The mRNA expression levels of IL-13 in control group, CRSWNP group and IL-33 blockade group
at 12 weeks after CRSWNP model establishment were analyzed by Western blot. (C] Relative quantification of Western blot
analysis is depicted in the bar graphs. (D) The Th2 cells counts in control group, CRSWNP group and IL-33 blockade group. Data
represent means + SD, *p < 0.05 compared with CRSWNP group; “p < 0.05 compared with CRSWNP group at 0 weeks.

group were lower than that in CRSwNP group
(Figure 4A). To further confirm the mechanisms
about the protein expression of NF-kB, MyD§8
and TLR7, the Western blot analysis was con-

A 06 B o6
b 0
= =
s s
c =
§ 0.44 % 0.4
° @
5 g
= . H]
£ 02 —— < 021 *
['4 ['4
£ £
2 2
£
00 - “ 00 .
Control CRSWNP  IL-33 blockade Control
D, 05 E o5
2 8
< 044 8 044
s 5
2 031 £ 03
s * o)
S0 — . £l «
< = 0.2 —_
% 0.1 2
Sk & o
i @
.0 T 3
Control CRSWNP  IL-33 blockade =00 T
Control

CRSWNP |IL-33 blockade

ducted. Similar to the results of RT-PCR detec-
tion, we found that the CRSwWNP mice remark-
ably increased the protein expression of NF-kB,
MyD88 and TLR7 (Figure 4B and C). However,
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Figure 3. Cytokine mRNA expression in all groups. The mRNA expression levels of IL-4 (A), IL-5 (B}, I1L-13 (C),1L-22 (D),
CCL-11 (E}, and CCL-24 (F) in control group, CRSWNP group and IL-33 blockade group at 12 weeks after CRSwNP model
establishment were analyzed by qRT-PCR. Data are mean + SEM of 10 experimental animals per group. Data represent means

+ SD, *p < 0.05 compared with CRSwNP group.
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Figure 4. The effects of IL-33 blockade on the mRNA and protein expression of NF-kB, MyD88 and TLR7. (A) The relative
mRNA expression levels of NF-kB, MyD88 and TLR7 in control group, CRSWNP group and IL-33 blockade group at 12
weeks after CRSWNP model establishment were analyzed by qRT-PCR. /B) The relative protein expression of NF-kB, MyD88
and TLR7 in control group, CRSWNP group and IL-33 blockade group at 12 weeks after CRSWNP model establishment were
detected by Western blot. (CJ Relative quantification of Western blot analysis is depicted in the bar graphs. Data represent

means = SD, *p < 0.05 compared with CRSWNP group.

after L-33 blockade, the protein expression of
NF-xkB, MyD88 and TLR7 in L-33 blockade
group was clearly lower than that in CRSwNP
group (Figure 4B and C).

The Relative mRNA Expression of
Cytokine in Patients with CRSwWNP
and Control Individuals

Finally, to further confirm clinical relevance of
our observations procured from murine studies,
we analyzed specimens from 35 patients with
CRSwNP and 10 control individuals. Specimens
of patients with CRSWNP demonstrated overex-
pression of Th2 cytokines (Figure 5). This was
true for 1L-33, IL-4, IL-5, IL-13, IL-22, CCL-11,
and CCL-24 (Figure 5).

Discussion

CRSwNP has been associated with Th2-driven
immunity and the deficit of Thl signals. The Th2
cytokines IL-4, IL-5, and IL-13 predispose to
eosinophil influx?’. Not surprisingly, the factors
that induce the Th2 inflammatory pathway are
being intensively studied?. One of such factors is
IL-33, which is produced by epithelial cells and
induces production of Th2 cytokines®. IL-33 is
the cytokine of the IL-1 cytokine family. In the
present study, we investigated the role of [L.-33 in
CRSwNP, using both a mouse model of this dis-
ease and patients’ specimens. Our observations
indicate that CRSwWNP specimens, both murine
and from patients, exhibit high expression levels
of IL-25 and IL-33 mRNA. Further confirming
IL-33 blockade suppressed Th2 cells production,
we observed that CRSwNP mice showed upreg-
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ulated levels of IL-4, IL-5, IL-13, IL-22, CCL-11,
and CCL-24 after the CRSwNP model construct-
ed at 12 weeks and IL-33 blockade, reverted this
trend.

At present, IL-33 is believed to activate pro-in-
flammatory transcription factor NF-xB and
pro-inflammatory mitogen-activated protein ki-
nases, thereby up-regulating production of cyto-
kines and chemokines (IL-6, IL-8, granulocyte
colony-stimulating factor), and promoting influx
of inflammatory cells, such as neutrophils'?. Our
data showed the mRNA and protein levels of NF-
kB, MyD88 and TLR7 in the CRSWNP group
were significantly higher than those in the control
group. However, after IL-33 blockade, the mRNA

3 Control
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1
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IL-33  IL-4 IL-5 IL-13 [IL-22 CCL-11CCL-24
Figure 5. The relative mRNA expression of Cytokine in
patients with CRSWNP and control individuals. The relative
mRNA expression of IL-4, IL-5, IL-13, IL-22, CCL-11, and
CCL-24 in control individuals and patients with CRSwNP
(chronic rhinosinusitis with nasal polyps) were analyzed by
qRT-PCR. Data represent means + SD, *p < 0.05 compared

with control group.
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and protein levels of NF-xB, MyD88 and TLR7
in IL-33 blockade group were lower than that in
CRSwNP group. It indicates that [L-33 may also
promote the cytokine production by NF-xB sig-
naling pathway.

It can be speculated that in susceptible indi-
viduals, contact of mucosal epithelia with envi-
ronmental factors results in mucosal trauma and
infection, and subsequent epithelial cell damage.
The resulting release of IL-33 stimulates immune
system. Studies, including this report, demon-
strate that in nasal polyps, expression of Th2
cytokines is increased. Subsequently to the pro-
duction of IL-4, IL-5, and IL-13, mucosal damage
is aggravated.

Conclusions

We showed that CRSWNP was associated
with overexpression of IL-33, with subsequent
activation of Th2 immune response by NF-kB
signaling pathway. Thus, 1L-33 may be consid-
ered a potential drug target in CRSwNP.

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

1) Grecuric T, Trkua V, Baupoin T, Graic MV, SmiGov-
ec I, KaloGiera L. Association between comput-
ed tomography findings and clinical symptoms in
chronic rhinosinusitis with and without nasal pol-
yps. Eur Arch Otorhinolaryngol 2017; 274: 2165-
2173.

2) VEeroso-Tetes R, Cereseira R. Endoscopic sinus sur-
gery for chronic rhinosinusitis with nasal polyps:
clinical outcome and predictive factors of recur-
rence. Am J Rhinol Allergy 2017; 31: 56-62.

3) APUHAN T, GEPDIREMEN S, ArsLAN AO, AkTas G. Evalu-
ation of patients with nasal polyps about the pos-
sible association of desmosomal junctions, RO-
RA and PDE4D gene. Eur Rev Med Pharmacol
Sci 2013; 17: 2680-2683.

4) CHenGg KJ, Wang SQ, Xu YY. Different roles of
staphylococcus aureus enterotoxin in different
subtypes of nasal polyps. Exp Ther Med 2017; 13:
321-326.

5) Wu D, Li L, ZHang M, WanG J, We Y. Two inflam-
matory phenotypes of nasal polyps and comorbid
asthma. Ann Allergy Asthma Immunol 2017; 118:
318-325.

6) Harziri A, Vynios DH, PanoGeorGou T, BouGa H, Tri-
ANTAPHYLLIDOU |E, NAxAkis SS, STATHAs T, ALETRAS AJ,

10)

11)

12)

13)

14)

15)

16)

17)

Kourousis C, MastronikoLis NS. Presence of hyalu-
ronidase isoforms in nasal polyps. Eur Rev Med
Pharmacol Sci 2013; 17: 247-252.

Circkovic |, Paviovic B, Bozic DD, Jotic A, Bakic L,
Miovanovic J. Antibiofilm effects of topical corti-
costeroids and intranasal saline in patients with
chronic rhinosinusitis with nasal polyps depend
on bacterial species and their biofilm-forming
capacity. Eur Arch Otorhinolaryngol 2017; 274:
1897-1903.

DiLbAER, ZHENG Y, Liu Z, Hu X, ZHANG J, Hu L, HAN
M, WanG D, Li H. Increased BAFF expression in
nasal polyps is associated with local IgE produc-
tion, Th2 response and concomitant asthma. Eur
Arch Otorhinolaryngol 2017; 274: 1883-1890.

Lee M, Kiv DW, SHin HW/. Targeting IL-25 as a nov-
el therapy in chronic rhinosinusitis with nasal pol-
yps. Curr Opin Allergy Clin Immunol 2017; 17: 17-
22.

VALErRA FC, ENDAM LM, IBRAHIM B, BrocHIERO E, DEs-
rosiers MY. Is there a role for regenerative medi-
cine in chronic rhinosinusitis with nasal polyps?
Braz J Otorhinolaryngol 2017; 83: 1-2.

Honag SN, Lee WH, Lee SH, Ruee CS, Lee CH, Kim JW.
Chronic rhinosinusitis with nasal polyps is asso-
ciated with chronic otitis media in the elderly. Eur
Arch Otorhinolaryngol 2017; 274: 1463-1470.

MARrGIOTTA DP, NAVARINI L, VADACCA M, Lo VM, PiG-
NATARO F, Basta F, AreLtra A. The IL33/ST2 axis in
Sjogren syndrome in relation to disease activi-
ty. Eur Rev Med Pharmacol Sci 2016; 20: 1295-
1299.

Franca RF, Costa RS, Sitva JR, Peres RS, MENDONCA
LR, CoLoN DF, Awves-Fitho JC, CunHa FQ. IL-33 sig-
naling is essential to attenuate viral-induced en-
cephalitis development by downregulating iINOS
expression in the central nervous system. J Neu-
roinflammation 2016; 13: 159.

Liao B, Cao PP, ZenGg M, ZHEN Z, WANG H, ZHANG YN,
Hu CY, Ma J, Li ZY, SonG J, Liu JX, PenG LY, Liu Y,
NinG Q, Liu Z. Interaction of thymic stromal lymph-
opoietin, IL-33, and their receptors in epithelial
cells in eosinophilic chronic rhinosinusitis with na-
sal polyps. Allergy 2015; 70: 1169-1180.

ZHUANG YT, Xu DY, WanG GY, Sun JL, Huang Y,
WanG SZ. IL-6 induced IncRNA MALAT1 enhanc-
es TNF-alpha expression in LPS-induced septic
cardiomyocytes via activation of SAA3. Eur Rev
Med Pharmacol Sci 2017; 21: 302-3009.

Novama Y, Okano M, FusiwarAa T, KARIYA S, HiGaki T,
HARUNA T, MAKIHARA SI, KANAI K, KoyamA T, TANIGUCHI
M, IsHiTova JI, KANDA A, KoBavasHi Y, Asako M, Tomo-
pa K, NisHizaki K. 1L-22/1L-22R1 signaling regulates
the pathophysiology of chronic rhinosinusitis with
nasal polyps via alteration of MUC1 expression.
Allergol Int 2017; 66: 42-51.

OzTURrRAN A, EviGor H, Evicor M, Osma U, YiLmaz MD,
Sercuk OT, Renpa L, Guitekin M. The role of IL-25
and IL-33 in chronic rhinosinusitis with or without
nasal polyps. Eur Arch Otorhinolaryngol 2017;
274: 283-288.



L. Zhang, L.-L. Jiang, Z.-W. Cao

18)

19)

20)

SzuLinska M, MusiALIK K, SuLiBURSKA J, Lis |, BOGDANs-
ki P. The effect of L-arginine supplementation on
serum resistin concentration in insulin resistance
in animal models. Eur Rev Med Pharmacol Sci
2014; 18: 575-580.

Yi J, Yu DZ, WaNG H, Liu A, FanGg F, Hou Q, HAN T,
ZHu XH, Jiang H. A longitudinally split rabbit seg-
mental gracilis to simulate penile erectile function:
anatomic basis and animal models. Eur Rev Med
Pharmacol Sci 2016; 20: 12-19.

WanG BF, Cao PP, Long XB, ZHang XH, Xu K, Cui
YH, Lwu Z. Distinct mucosal immunopathologic

21)

22)

profiles in atopic and nonatopic chronic rhinosi-
nusitis without nasal polyps in Central China. Int
Forum Allergy Rhinol 2016; 6: 1013-1019.

Piao HL, WanG SC, Tao Y, Fu Q, Du MR, Li DJ. CX-
CL12/CXCR4 signal involved in the regulation of
trophoblasts on peripheral NK cells leading to
Th2 bias at the maternal-fetal interface. Eur Rev
Med Pharmacol Sci 2015; 19: 2153-2161.

He FY, FEng WZ, ZHonG J, Xu W, SHAO HY, ZHANG
YR. Effects of propofol and dexmedetomidine an-
esthesia on Th1/Th2 of rat spinal cord injury. Eur
Rev Med Pharmacol Sci 2017; 21: 1355-1361.



